A new species of stingless bee (Apinae: Meliponini) is described from workers and two males recovered from nests in tree trunks in Kanchanaburi Province, Thailand. Tetragonula (Tetragonula) malaipanae, new species, resembles T. (T.) laeviceps (Smith), T. (T.) pagdeni (Schwarz), T. (T.) testaceitarsis (Cameron), and similar species, but is particularly similar to T. (T.) drescheri (Schwarz). Unlike T. drescheri, the new species lacks a defined black stripe on the underside of the metafemur, has the metatibia reddish brown to testaceous (rather than uniformly chestnut brown, and black with a yellow mark on the inner surface in T. drescheri). Characters of the uncommonly encountered T. (T.) sarawakensis (Schwarz) are also recorded.
INTRODUCTION
It is well known that the concentration of stingless bee (Apinae: Meliponini) diversity resides within South and Central America (Schwarz, 1948; Moure, 1951; Michener, 1990 Michener, , 2007 Michener, , 2013 . Even so, Southeast Asia retains a remarkable and interesting fauna of diverse and often cryptically similar stingless bees (Moure, 1961; Sakagami, 1975 Sakagami, , 1978 Sakagami and Inoue, 1985; Franck et al., 2004) , including species with unique biologies generally diver-In reporting material examined, we have employed standard symbols for eusocial castes, specifically ⚲ for the sterile female workers.
Morphological terminology generally follows that of Sakagami (1978) , Engel (2001) , and Michener (2007) . Abbreviations used are: OD, ocellar diameter, used as a measurement of certain structures; and S, and T, respectively metasomal sternum and metasomal tergum, such that S6, for example, refers to the sixth metasomal sternum. Measurements were made with an ocular micrometer in an Olympus SZX12 stereomicroscope. In the description, mean values are provided with ranges from 20 workers indicated in parentheses and ranges for the two available males when the values differed between them. Measurements of the metatibial length and of the forewing diagonal (Sakagami's "WL2") from the base of vein M to the base of crossvein r-rs were made as illustrated by Sakagami (1978: figs. 1, 2) . In the account of the worker caste, descriptive material placed in brackets represents observed variation among individuals in the type series. Genus Tetragonula Moure, 1961 Subgenus Tetragonula Moure, 1961 T. bengalensis (Cameron, 1897) T. biroi (Friese, 1898) T. carbonaria (Smith, 1854) = Trigona angophorae Cockerell, 1912 T. clypearis (Friese, 1908) = Trigona wybenica Cockerell, 1929a T. dapitanensis (Cockerell, 1925) T. davenporti (Franck in Franck et al., 2004) T. drescheri (Schwarz, 1939) T. fuscobalteata (Cameron, 1908) = Trigona erythrostoma Cameron, 1908 = Trigona pallidistigma Cameron, 1908 = Trigona atomella Cockerell, 1919a = Trigona brevis Friese, 1925 , nomen nudum = Trigona pfeifferi Friese, 1925 = Trigona pygmaea Friese, 1933 T. geissleri (Cockerell, 1918 = Trigona confusella Cockerell, 1919a T. gressitti (Sakagami, 1978) T. hirashimai (Sakagami, 1978) T. hockingsi (Cockerell, 1929b) T. iridipennis (Smith, 1854) T. laeviceps (Smith, 1857) T. malaipanae Engel, Michener, & Boontop, n. sp. T. melanocephala (Gribodo, 1893) = Trigona testaceinerva Cameron, 1908 T. melina (Gribodo, 1893) T. mellipes (Friese, 1898) T. minangkabau (Sakagami & Inoue, 1985) = Trigona minangkabu form darek Sakagami & Inoue, 1985 , nomen invalidum et nudum T. minor (Sakagami, 1978) T. pagdeni (Schwarz, 1939) T. pagdeniformis (Sakagami, 1978) T. penangensis (Cockerell, 1919b) T. praeterita (Walker, 1860) T. reepeni (Friese, 1918) = Trigona latigenalis Sakagami, 1978 T. ruficornis (Smith in Horne and Smith, 1870) = Melipona smithii Bingham, 1897, nomen vanum T. sapiens (Cockerell, 1911) T. sarawakensis (Schwarz, 1937) T. sirindhornae (Michener & Boongird, 2004) T. testaceitarsis (Cameron, 1901) = Trigona testaceicornis Cameron, 1901 , lapsis calami = Trigona valdezi Cockerell, 1918 T. zucchii (Sakagami, 1978 Subgenus Tetragonilla Moure, 1961 T. atripes (Smith, 1857) T. collina (Smith, 1857) = Trigona cambodiensis Cockerell, 1926 T. fuscibasis Cockerell, 1920 T. rufibasalis (Cockerell, 1918) 
SYSTEMATICS
Genus Tetragonula Moure, 1961 Subgenus Tetragonula Moure, 1961 Tetragonula (Tetragonula) malaipanae, new species Figures 1-3 Diagnosis: The species generally agrees with the subgeneric characterization as presented by Sakagami (1978) . Worker dark but paler than Tetragonula laeviceps (Smith, 1857) , T. pagdeni (Schwarz, 1939) , and T. pagdeniformis (Sakagami, 1978) (figs. 1A, 1B), clypeus yellowish ( fig.  1C) , legs partly or wholly red brown or testaceous ( fig. 1A) . Size similar to that of T. testaceitarsis (Cameron, 1901) (likely senior synonym of T. valdezi [Cockerell, 1918] ), larger than T. laeviceps (as restricted by Rasmussen and Michener, 2010) Pubescence decumbent and pallid except as otherwise noted, mostly ochraceous; clypeus without erect simple setae, even lower margin without such setae. Setae of face short (0.5 OD), plumose, rather dense but not hiding surface, particularly sparse and thin on lower paraocular area, whitish, those of frons [or upper half of frons] brownish to yellowish and hence inconspicuous in certain views; erect setae of scape absent except for exceedingly short ones; longer setae (1 OD) of vertex, especially behind ocelli, blackish or dusky; short pale setae of mesoscutum weakly [or not recognizably] banded. When recognizable, median asetose band ("G1" of Sakagami, 1978) narrow, extending full length of mesoscutum except anterior extremity, G2 similarly narrow anteriorly but broadening and diverging posteriorly, G3 (lateral asetose band) poorly defined, especially on anterior half of mesoscutum [not recognizable except in some fresh, clean specimens]; longer, erect setae of mesoscutum (2 OD) pale or in certain illuminations dusky; fringe of long setae (up to 3 OD) on posterior margin of mesoscutellum ochraceous, with longest setae (3-4 OD) sometimes appearing dusky; metepisternum, side of propodeum, and anterior half of mesepisternum covered with dense white setae hiding surface [those of mesepisternum sometimes ochraceous]; some setae of outer surfaces of meso-and metatibiae and basitarsi dusky [commonly most setae of these parts, including large simple discal setae of corbicula, black or blackish]; anterior fringe of corbicula with a few [nearly all] setae dusky or blackish. T1 smooth and asetose; T2 to T5 smooth and asetose except for preapical very sparse bands, that of T2 consisting of only a few minute ochraceous setae, those of following terga with progressively more and longer setae, a few of those of T4 reaching beyond apical margin of tergum, those of T5 and T6 still longer, but all small and not conspicuous; setae of sterna denser and longer, almost white.
Male. Agrees with description of worker except for variation noted above in brackets, in measurements provided, and as follows (except for measurements, description based on male collected from nest 4 on 17 September 2007): body length 4.50 mm; forewing length, including tegula, 4.45 mm (4.40-4.50 mm); head length (measured as for worker) 1.40 mm; head width 1.78 mm; metatibia length 1.46 mm (1.43-1.48 mm); forewing diagonal (measured as for worker) 1.26 mm (1.25-1.27 mm). NO. 3886 Scape (excluding basal bulb) slightly less than half as long as compound eye. Flagellomere 4 (also 2-10) longer than broad. Ocelloccipital distance less than half OD; ocellocular distance about half of interocellar distance. Metatibia widest at about apical third, narrowed at apex, without plumose setae ( fig. 3A) . Metasomal T7 without Y-shaped ridge, apex broadly rounded (fig. 3B) ; S5 short, without noticeable gradulus, with shallow, broad, midapical emargination (fig. 3C) ; apical process of S6 slender, parallel sided (fig. 3D) ; terminalia as illustrated in figures 3D-3H; unbroken, weakly sclerotized band in position of gonobase (fig. 3F) ; long membranous midventral genital process present (figs. 3G, 3H), presumably fragmentum from base of penis; penis valves and gonostyli directed posteriorly (figs. 3F, 3H); gonostylus arising near outer distal margin of gonocoxite (figs. 3F, 3H), flattened, so that in lateral view it is rather broad and subapically constricted ( fig. 3H ), in dorsal view very slender apically.
Pale areas of head yellowish brown, upper median part of supraclypeal area black. Genal and hypostomal areas black. Flagellum black. Pronotum including pronotal lobe, mesoscutellum, and mesepisternum black. Legs yellowish brown, distal parts of femora, basal parts of tibiae, and distal parts of meso-and metatibia infuscated. Metasoma with T1 testaceous, with broad preapical dusky band; remaining terga cleared for study but apparently dusky testaceous (note that when dissected the metasoma appears pale testaceous).
Pubescence generally thinner and sparser than in female, particularly on clypeus, mesoscutellum, and mesepisternum; pubescence of head, mesosoma, and legs largely ochraceous. Mesoscutum almost without banding of setae; setae of mesepisternum and sides of propodeum white, somewhat less dense than in worker; dense setae of anterior part of mesepisternum dusky.
Holotype Additional material: A further six workers are remarkably similar to T. malaipanae and we tentatively include them here, pending further work on these more southern populations, particularly utilizing morphometrics, males, and DNA data: 4⚲⚲, Thailand, Nakhonsithammarat, Khao Laung Comments: Probably variation in coloration of males is more or less comparable to that of workers. The male taken 12 March 2008 at nest number 11 differs from the male described above as follows: integument of head and mesosoma (including clypeus and tegula) black; scape and pedicel reddish brown; legs dusky pale brown; meso-and metatarsi and distal parts of tibiae blackish, palest areas on outer and posterior surfaces of protibia and basal parts of meso-and metatibiae; metasoma reddish brown with vague transverse dusky areas, apical terga darker; membranous midventral genital process not evident (likely a result of damage during dissection).
Etymology: The specific epithet honors Savitree Malaipan of the Department of Agriculture, Kasetsart University, Bangkok, beloved mentor of Y.B. and a prominent Thai melittologist.
Tetragonula (Tetragonula) sarawakensis (Schwarz, 1937) Trigona sarawakensis Schwarz, 1937: 313 . Cotype workers (AMNH, examined by M.S.E. and C.D.M.). Trigona (Tetragona) sarawakensis var. sarawakensis Schwarz, 1939: 106 . Tetragonula sarawakensis (Schwarz); Moure, 1961: 210 . Trigona (Tetragonula) sarawakensis (Schwarz); Sakagami, 1978: 210. Since this is not a well-known species, we include below notes based on a series of workers in the AMNH, two labeled as cotypes, and include comparative information on T. malaipanae in brackets.
Descriptive notes: Setae of clypeus and lower face minute, minutely if at all plumose, not at all hiding smooth surface [broadly plumose, partially hiding surface which shows some punctation]; tegula ferruginous [dark testaceous, sometimes grading to dusky especially near inner margin]; mesoscutellum with posterior extremity (overhanging propodeum) with transverse yellow mark (sometimes ferruginous, perhaps artificially darkened in such instances owing to method of collection or changes resulting from long-term preservation) [no such mark or if mark recognizable, testaceous or dusky]; legs ferruginous [usually dull ferruginous or brown with dusky areas at least on meso-and metatibiae]; setae of legs whitish or yellowish, sometimes a few dusky setae on tibiae and basitarsi [some setae on tibiae and basitarsi dusky or blackish, large simple setae arising from corbicular surface black or dusky although marginal setae largely or partly yellowish]; metasoma entirely ferruginous [dusky brown to testaceous].
Material examined (7⚲⚲) Sakagami's (1978) key based on workers, T. malaipanae runs best to T. laeviceps or T. sarawakensis. The latter is rather different as indicated in the section above on that species. Tetragonula laeviceps in the sense of Sakagami (1978) is probably at least two species, as Sakagami himself suggested. Rasmussen and Michener (2010) indicated probable separation of a smaller form (T. laeviceps proper) and a larger form (here called T. testaceitarsis [Cameron] of which T. valdezi [Cockerell] is a probable junior synonym). Tetragonula malaipanae is the size of T. testaceitarsis. It differs from that species (as well as from T. laeviceps) by the entirely or almost entirely yellowish testaceous clypeus and the extensively reddish brown or sometimes testaceous legs. Trigona malaipanae is, however, more similar to the bicolorous species dealt with by Sakagami and Inoue (1985) . Of the species listed above, only T. sarawakensis is bicolorous and distinguished by the features referenced. Tetragonula malaipanae is most similar to T. drescheri (Schwarz, 1939) , a species characterized by a sharply defined black stripe on the underside of each femur, the largely chestnut brown outer surface of the metatibia, and the black inner surface of the metatibia except for a well-defined, large oval yellow spot on the inner metatibial ridge. These features are not found in T. malaipanae. Some of the individuals that Sakagami and Inoue (1985: figs. 16, 17) considered as pale forms of T. laeviceps may have been T. malaipanae.
If, following Sakagami's (1978) key based on workers, one incorrectly goes to couplet 6 (pale setae of mesoscutum strongly banded), T. malaipanae does not lead clearly to any species. The possibilities are T. hirashimai (Sakagami, 1978) , T. minor (Sakagami, 1978) , T. pagdeniformis (Sakagami) , T. pagdeni (Schwarz) , and T. iridipennis (Smith, 1854) . The last is restricted to Sri Lanka and India. Workers of the four remaining species, all of which occur in Southeast Asia including Thailand, differ in size, such that they can often be recognized superficially. Of these species, T. minor is the smallest (forewing length including tegula less than 3.8 mm) and T. hirashimai is the largest (forewing more than 4.9 mm). The other two species are intermediate, with forewing lengths from 3.9 to 4.5 mm. Tetragonula malaipanae falls with this latter group, with forewing lengths from 4.4 to 4.7 mm. Head width is similarly different, ranging for T. pagdenformis and T. pagdeni from 1.6 to 1.8 mm, and for T. malaipanae from 1.8 to 1.9 mm. In size, the new species agrees best with T. testaceitarsis.
Most workers of T. malaipanae differ from those of T. pagdeniformis and T. pagdeni, as well as T. hirashimai and T. minor, in paler coloration. In specimens of T. malaipanae the clypeus, labrum, and usually the supraclypeal area are largely or entirely yellowish to reddish testaceous and the legs are entirely or partly reddish brown. Rarely the legs are blackish with only the inner surface of the metatibia reddish brown. In the other species listed above these parts are largely black or brownish black. The male (only two specimens) has large areas on the legs yellowish brown to dusky testaceous. The clypeus is yellowish testaceous to black. The terminalia differ from those of T. laeviceps and T. testaceitarsis in characters listed in the description above, summarized as follows: shape and lack of gradulus of S5 ( fig. 3C) , the apical process of S6 ( fig. 3D) , and the acute apices of S7 ( fig. 3E) and T7 (fig. 3B) . In both males of T. malaipanae the penis valves are subparallel, convergent posteriorly, while in all males seen of T. laeviceps and T. testaceitarsis they are directed laterally, in opposite directions. In Sakagami's (1978) key to the known males, T. malaipanae runs to T. laeviceps (probably including T. testaceitarsis) and T. pagdeniformis. In T. malaipanae the gonostylus is very slightly swollen apically and slightly constricted preapically in certain views (figs. 3F, 3H), as in T. pagdeniformis shown by Sakagami (1978: his figures 87, 98).
At sites specified above, at least 15 nests of T. malaipanae were found, with most specimens obtained from nest entrances as they attempted to depart. The nests were in trunks of large living trees of Ficus L. (Moraceae) within forests of mostly smaller trees. The Ficus trees inhabited by T. malaipanae were 20-30 m in height and 155-211 cm in trunk diameter at breast height. Nest entrances varied in height from near the ground to 5.4 m above the ground surface. The trees appear to have developed as stranglers with many parts forming the trunks (fig.  4A) ; presumably the bee nests are in cavities among these parts or within the old, interior trunk. We have not, however, felled trees or opened nests for study. The nest entrances are variable, rather irregular, of gray to black resinous material, almost circular to much elongate (e.g., fig. 4B ). The following are diameters of some entrance openings, two diameters at right angles per nest: 1.5 × 2.5 cm; 1.7 × 2.9 cm; 2.5 × 2.8 cm; 3.0 × 3.5 cm; 1.3 × 3.9 cm. The entrances are consistently large in diameter compared to the bees, so that several bees take positions, looking outward, on the inner surfaces of the openings. Entrances sometimes project little above the surface of the trunk, but also often extend as tubes up to 5 cm in length adhering to the surface of the trunk. The outer surfaces of such tubes are irregularly nodulose while the inner surfaces are smoother, and while the openings are sometimes irregular, the lower portion often extends as a broad lip serving as a point of departure and landing for the bees. Irregular openings may be the result of earlier damage to entrances. The entrances commonly are within or arise from areas of batumen (Wille and Michener, 1973; Wille, 1983 ) that close originally larger openings into the cavities occupied by the nests.
